1. Introduction {#sec1}
===============

Oxidative stress plays an important role in nerve cell damage and is closely related to the pathogenesis of many central nervous system diseases such as cerebral ischemia, Alzheimer\'s disease, and Parkinson\'s disease. During neuropathological states, excessive reactive oxygen species (ROS) generation caused significant damage to cellular macromolecules (i.e., cellular lipids, proteins, or DNA), leading to cellular death \[[@B1]\]. Deprivation of neurons from glucose-oxygen-serum deprivation (GOSD) is a reliable*in vitro* model for understanding of the molecular mechanisms of ischemia-induced neuronal damage and also for the discovery and development of novel compounds for better treatment of cerebral ischemia \[[@B2]\].

Recently, there are intensive interests towards neuroprotective properties of herbal products in ischemic brain injury because of relatively high therapeutic value and less serious side effects \[[@B3]\]. Persimmon (*Diospyros kaki*), which belongs to the Ebenaceae family, is a deciduous small tree native to Eastern Asia and has also been cultivated in Northeastern India, Middle East, Spain, and many other regions. The dry residue of persimmon fruit is known to have many bioactive compounds such as flavonoids, polyphenol (especially tannins), carotenoids, dietary fibers, and minerals \[[@B4], [@B5]\]. In many traditional medicinal systems, the extract of persimmon fruit is used as antitussive, carminative, and sedative agent and to heal bronchial complaints and hypertension \[[@B4], [@B5]\]. Recently, it has been shown that persimmon possesses several pharmacological activities such as strong radical scavenging and antioxidant properties \[[@B6]\] and antigenotoxic \[[@B6]\] and anticarcinogenic \[[@B7], [@B8]\] and anti-inflammatory \[[@B9]\] and antihypertensive \[[@B10]\] and antidiabetic \[[@B11]\] effects.

To our knowledge, no study has previously investigated the effect of persimmon fruit against cerebral ischemia,*in vitro* or*in vivo*. Considering that persimmon has antioxidant and anti-inflammatory properties, the aim of the present study was to investigate the effects of hydroalcoholic extracts of persimmon fruit peel and pulp on GOSD-induced PC12 cells injury. Role of intracellular ROS was also investigated.

2. Material and Methods {#sec2}
=======================

2.1. Cell Line and Reagents {#sec2.1}
---------------------------

A PC12 cell line was obtained from Pasteur Institute (Tehran, Iran). High glucose Dulbecco\'s Modified Eagles Medium (DMEM, 4.5 g/L) and fetal calf serum (FCS) were purchased from Gibco (Carlsbad, CA). Glucose-free DMEM, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium (MTT), 2′,7′-dichlorodihydrofluorescein diacetate (H~2~DCF-DA), and other cell culture materials were purchased from Sigma (St. Louis, MO).

2.2. Preparation of PuHE (Pulp Hydroalcoholic Extract) and PeHE (Peel Hydroalcoholic Extract) {#sec2.2}
---------------------------------------------------------------------------------------------

Fresh fruits of a commercial cultivar in Khorasan province (Iran) were harvested and authenticated by herbarium of Ferdowsi University of Mashhad (Mashhad, Iran, voucher specimen number 11-0203-1).

The pulps and peels of whole seedless fruits were separated, washed, and then shaken with ethanol (70%) and water for 2 days. The resulting extracts were then filtered and concentrated under reduced pressure to get pulp hydroalcoholic extract (PuHE) and peel hydroalcoholic extract (PeHE), respectively. The yields were found to be about 27% w/w.

Stock solutions of PuHE and PeHE were prepared in deionized water and desired working concentrations were made from the stock using complete medium.

2.3. Cell Culture {#sec2.3}
-----------------

PC12 cells were cultured in DMEM supplemented with 10% FCS and 100 units/mL of penicillin/streptomycin. All cells were maintained in a humidified atmosphere containing 5% CO~2~ at 37°C \[[@B12]\].

2.4. Induction of Cell Injury by GOSD {#sec2.4}
-------------------------------------

To mimic the ischemic condition, PC12 cells were placed into in an incubation chamber containing "37°C, 5% CO~2~, and 95% N~2~" and cultured in glucose- and serum-free DMEM supplemented with 100 U/mL penicillin and 100 U/mL streptomycin for 6 h \[[@B2]\].

2.5. Cell Proliferation (MTT) Assay {#sec2.5}
-----------------------------------

MTT was used to identify viable cells which reduce it to a violet formazan dye \[[@B13]\]. PC12 cells (5000/well) were seeded out in 96-well tissue culture plates and, after 24 h, the cells were pretreated with PuHE and PeHE (0--500 *μ*g/mL) for 2 and 24 h and then subjected to GOSD insult for 6 h, respectively. The concentrations and times were chosen based on earlier experiments. Controls were treated identically. At 6 h after GOSD insult, MTT was added to each well to achieve a final concentration of 0.5 mg/mL. After incubation at 37°C for 4 h, the medium was removed and 100 *μ*L of dimethyl sulfoxide was added to each well and kept for 10 min and the absorbance at 570 and 620 nm (background) was measured using StatFAX303 plate reader. All experiments were carried out in triplicate; the percentage of viable cells was calculated as the mean ± SEM with controls set to 100%.

2.6. Measurement of Intracellular Reactive Oxygen Species (ROS) {#sec2.6}
---------------------------------------------------------------

The determination of intracellular ROS levels was accomplished with a fluorescent probe, H~2~DCF-DA, as described previously with minor modifications \[[@B12]\]. H~2~DCF-DA readily diffuses through the cell membrane and is enzymatically hydrolyzed by intracellular esterases to nonfluorescent H~2~DCF, which is then rapidly oxidized to highly fluorescent DCF (2′,7′-dichlorofluorescin) in the presence of ROS. The DCF fluorescence intensity is believed to parallel the amount of intracellular ROS \[[@B14]\]. In brief, PC12 cells (10^4^ cells/well) were pretreated with different concentrations of PuHE and PeHE (0--500 *μ*g/mL) for 2 h and then subjected to GOSD for 6 h in which the same treatments were applied. At 6 h after ischemic insult, the cells were incubated with 20 *μ*M H~2~DCF-DA at 37°C for 30 min in the dark. The DCF fluorescence intensity was detected using a FLUO-star galaxy fluorescence plate reader (Perkin Elmer 2030, Multilabel reader, Finland) with excitation wavelength set at 485 nm and emission wavelength set at 530 nm.

2.7. Statistical Analysis {#sec2.7}
-------------------------

The results are presented as the mean ± standard error (SEM). The values were compared using the one-way analysis of variance (ANOVA) followed by Tukey\'s post hoc test for multiple comparisons. The *p* values less than 0.05 were considered to be statistically significant.

3. Results {#sec3}
==========

3.1. Effects of PeHE and PuHE on Cell Viability following GOSD Insult in PC12 Cells {#sec3.1}
-----------------------------------------------------------------------------------

Exposure to GOSD for 6 h significantly decreased cell viability as compared with control cells. The average survival rate of cells under the GOSD condition was about 36%.

Pretreatment with PeHE for 2 h significantly attenuated GOSD-induced damage to PC12 cells only at high concentration (500 *μ*g/mL; 110.5 ± 4.2; *p* \< 0.001) as compared to GOSD group (37.0 ± 4.0) ([Figure 1(a)](#fig1){ref-type="fig"}). Also, pretreatment with PeHE for 24 h significantly attenuated GOSD-induced PC12 cells death at concentration of 500 *μ*g/mL (27.3 ± 10.0; *p* \< 0.01) ([Figure 1(b)](#fig1){ref-type="fig"}).

In the same way, pretreatment with PuHE for 2 h significantly attenuated cell death induced by GOSD at concentration of 500 *μ*g/mL (105.0 ± 5.3; *p* \< 0.001) as compared to GOSD group (35.0 ± 2.0) ([Figure 1(c)](#fig1){ref-type="fig"}). Again, pretreatment with PuHE for 24 h significantly increased cell survival following ischemic insult at concentration of 500 *μ*g/mL (57.5 ± 9.5; *p* \< 0.001) and at concentration of 400 *μ*g/mL (29.0 ± 13.0; *p* \< 0.05) ([Figure 1(d)](#fig1){ref-type="fig"}).

3.2. Effects of PeHE and PuHE on ROS Production following GOSD Insult in PC12 Cells {#sec3.2}
-----------------------------------------------------------------------------------

GOSD significantly increased the number of DCF-positive cells illustrating an elevation of ROS production to 156%. As shown in [Figure 2(a)](#fig2){ref-type="fig"}, pretreatment with PeHE for 2 h resulted in a significant (*p* \< 0.001) reduction in ROS production following GOSD (121.4 ± 2.0 and 110.4 ± 2.0 at concentrations of 250 and 500 *μ*g/mL, resp.).

As illustrated in [Figure 2(b)](#fig2){ref-type="fig"}, pretreatment with PuHE for 2 h caused a significant reduction of ROS production following GOSD (114.3 ± 4.2; *p* \< 0.01 and 108.4 ± 9; *p* \< 0.001 at concentrations of 250 and 500 *μ*g/mL, resp.).

4. Discussion {#sec4}
=============

According to our knowledge, this is the first report of the neuroprotective effect of*D. kaki* fruit extract. In the present study, we demonstrated that pretreatment with peel and pulp fruit extracts of*D. kaki* was able to promote cell survival and depress ROS increase upon GOSD stress in PC12 cells. Recently, substantial efforts have been invested for identifying optimal drugs that can reduce ischemic brain damage \[[@B2]\].

It is well known that ischemia increases the formation of ROS in brain tissues and antioxidants and ROS scavengers can decrease tissue damage following ischemic injury \[[@B15]--[@B17]\]. Excessive production of ROS will act as damaging molecule causing cell death either directly, through interacting and destroying cellular proteins, lipids, and DNA, or indirectly, by affecting normal cellular signaling pathways and gene regulation \[[@B15], [@B18]\].

One possible mechanism underlying the attenuation of ROS generation following ischemic insult is due to antioxidant and free radical scavenger properties of persimmon. Previous studies have shown that flavonoids from persimmon peel and leaf could protect against hydrogen proxide-induced oxidative damage,*in vitro* \[[@B19], [@B20]\]. High molecular weight persimmon tannin also ameliorates oxidative damage and cognition deficits in D-galactose-induced senescent mice \[[@B21]\]. Tian et al. showed that administration of high molecular weight persimmon condensed tannin (HMWPT) significantly protected serum and liver antioxidant enzymes from damage and prevented lipid peroxidation in bromobenzene-treated mice \[[@B22]\]. In addition, several studies suggest that persimmon leaves extract and its flavonoids exhibit neuroprotective effects and protect rats from both focal and global cerebral ischemic injury,*in vivo,* as well as cortical neurons from hypoxia-induced injury,*in vitro* \[[@B23], [@B24]\]. High-performance liquid chromatography (HPLC) analysis also revealed that gallic acid and quercetin were the major phenolic components in the fruit extracts of persimmon \[[@B25]\].

Also, antiaging and memory enhancing effects of oligomeric proanthocyanidins isolated from persimmon fruits have also been described in a senescence-accelerated mouse prone model \[[@B26]--[@B28]\]. A recent study showed that ethanol extract of*Diospyros kaki* leaves significantly attenuated the upregulation of vascular endothelial growth factor, fibroblast growth factor, interleukin-6, and matrix metalloproteinase-2 (MMP-2) protein levels, in alkali burn-induced corneal neovascularization in rats \[[@B29]\]. Kim et al. also showed that ethanol extract of*Diospyros kaki* leaves prevented degenerative retinal diseases in N-methyl-N-nitrosourea- (MNU-) induced retinal degeneration in mice \[[@B30]\].

5. Conclusions {#sec5}
==============

In summary, the results of the current study suggest that persimmon is able to protect cultured PC12 cells against damage induced by GOSD. These effects of persimmon are, at least in part, attributable to its antioxidant property. This study on the neuroprotective effects of persimmon may suggest the possible application of persimmon in clinical setting to prevent and treat the common neurological insults.
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![Effects of hydroalcoholic extracts of fruit peel (PeHE) and pulp (PuHE) of*Diospyros kaki* on PC12 cells death induced by glucose-oxygen-serum deprivation (GOSD). PC12 cells were treated with PeHE for 2 h (a) and 24 h (b) or PuHE for 2 h (c) and 24 h (d) and then subjected to GOSD for 6 h. the data are presented as mean ± SD from independent experiments performed in triplicate. ^*∗*^ *p* \< 0.05, ^*∗∗*^ *p* \< 0.01, and ^*∗∗∗*^ *p* \< 0.001 as compared to ischemic group.](APS2016-3073078.001){#fig1}

![Effects of hydroalcoholic extracts of fruit peel (PeHE) and pulp (PuHE) of*Diospyros kaki* on ROS production in glucose-oxygen-serum deprivation- (GOSD-) treated PC12 cells. PC12 cells were preincubated with PeHE (a) or PuHE (b) for 2 h prior to GOSD insult. Then, PC12 cells were loaded with DCF-DA, and intracellular ROS were detected by fluorimetry. The data are represented as mean ± SD from independent experiments performed in triplicate. ^*∗∗∗*^ *p* \< 0.001 as compared to ischemic group.](APS2016-3073078.002){#fig2}
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